keeping department and the injury rate among hourly employees in that department. Schilling (1991) described the beneficial effects of boosting the psychosocial aspects of work in an industrial setting. Meservy (1997) detailed a process of gathering "data about the effects of workplace exposures and using the data to prevent illness or injury." No specific literature was found about the subject of housekeeping carts or wheels for those carts.
In this program evaluation, the objective and subjective effects of changing a stress parameter in a housekeeping department of a large urban hotel were examined. The evaluation was initiated by a request from the hotel executive committee in June 1997. Management asked the nurse to investigate why there were so many injuries in the housekeeping department.
The hotel has 1,700 rooms and 150 full time housekeepers. The hotel chain is self insured for workers' compensation costs. Individual hotels are assessed for the cost of each claim. Because these assessments directly affect the profit line of the hotel, built in motivation exists for hotel management to closely monitor accident loss. In addition, the hotel has a commitment to the health and well being of its associates. Any reduction in accidents is viewed as a reduction in pain and suffering on an individual level.
A review of the records showed soft tissue injuries to housekeepers, including back and shoulder muscle strains. Data from 1996 and half of 1997 combined accounted for 38% of the number of accidents throughout the hotel. A review of the accident data showed 43% of the accidents in the housekeeping department were related directly to the physical stress of pushing or pulling loaded housekeeping carts. Further, the nurse believed intuitively that as much as 20% of other accidents were secondary to exhaustion or weakness related to the physical stress of the carts.
The director of engineering, a member of the executive committee, donated the time of a hotel engineer who specializes in room related problems to assist in assessing the physical strain of pushing or pulling a housekeeping cart. Working together, the hotel engineer and the nurse determined, by using a spring scale, the average force required to pull a fully loaded cart from a dead stop was 68.8 pounds with a standard deviation of 9.0 pounds (N =20). The average force required to keep these same carts moving over the carpeted hallways was 65.4 pounds with a standard deviation of 7.6 pounds.
Four carts were tested for gross weight at the start of the work day when they were fully loaded. The average weight was 384 pounds with a range of 352 to 421 pounds. A telephone call to the manufacturer of the carts revealed the manufacturer's recommended loaded weight was 210 pounds. In a survey of the 20 housekeepers whose carts were tested for pull weight, there was unanimous agreement the carts were overloaded. The housekeepers said they knew the carts were overloaded but were afraid unless they stocked linens on their carts early in the day, they would not have enough to complete their rooms by mid afternoon.
PROGRAM PLANNING AND IMPLEMENTATION
The nurse called a meeting of the executive committee and outlined the scope of the problem. He requested a small budget to investigate how to solve the problem and requested baccalaureate nursing students be asked, if necessary, to assist in an evaluation. The committee agreed the cost of accidents (i.e., financial cost in workers' compensation and human cost in pain) caused by the weight of the carts justified an expenditure in time and funds to find a solution.
The nurse made telephone calls to several other nurses within the hotel chain and identified two possible solutions. First, the present carts could be replaced with fully motorized carts. Second, the linen stocks could be increased from their present 1.5 turns to 2.7 turns and the housekeepers retrained not to "hoard" linen on their Carts. A third solution was suggested by the hotel's director of engineering to modify the wheels on the cart from ribbed rubber and sleeve bearings to solid, hard plastic with full ball bearings.
The first option had been implemented at a hotel in New Jersey with 500 rooms. In 1993 this hotel converted their 50 carts from manual to fully electric. Since then they had no soft tissue injuries related to the carts. As a guest in that hotel in 1996, the nurse had seen these carts in Use and was impressed with their ease of operation. A housekeeper at the New Jersey hotel described their ease of operation and how the new motorized carts had made her job less stressful. The motorized cart manufacturer was invited to the program evaluation site for a meeting, evaluation, and presentation. The cart manufacturers proposed a full conversion of the hotel's 150 carts for a cost of $1,230,000. Yearly workers' compensation outlays related to carts at the program evaluation site hotel was 5% of this figure, which made consideration of conversion to electric carts financially impractical. OCTOBER 1999, VOL. 47, NO. 10 Similarly, the increase of linen stocks was impractical from financial and storage standpoints. The laundry department reported there was no room to stock an additional 3,500 sets of sheets, 5,000 towels, 3,000 bath mats, and other room related linens. The $100,000 in costs to purchase these linens was not in the current operating budget and probably would not be approved.
To investigate the third option, the nurse purchased four sets of solid plastic wheels with full ball bearings for $85 per set of four wheels ($340 total). The housekeeping manager agreed to charge these costs to his operating budget. The engineering department agreed to donate an engineer's time to change the wheels. Within 2 weeks the modified carts were delivered to four experienced housekeepers for a trial.
Within a week, the carts disappeared. Housekeepers hid the carts from one another because they planned to keep the "miracle" carts with the new wheels. When the carts were finally located and tested by the same engineer who assisted in the first testing, it was determined they had an average pull weight of 37.8 pounds from a full stop and 29 pounds to keep the carts moving across a carpet. These weights were statistically different from the original pull weights at a level of p < .01. The fully loaded weights of the carts averaged 396 pounds which was not statistically different from the original weights at the p < .05 level.
These new data, along with the housekeepers' positive reports, were presented to the executive committee in December 1997. However, a formal presentation was hardly necessary because word of the carts with the new wheels had spread throughout the hotel. In January 1998 the executive committee of the hotel agreed to release $7,000 from capital funds for the purchase and conversion of cart wheels. The nurse called the wheel supplier and negotiated a price of $70 per set of four wheels with no shipping costs. Again the engineering department agreed to donate the time to convert the carts (approximately 30 minutes per cart), with the understanding the work would be performed during the evening shift when the normal work load was lighter. The program to change the wheels was implemented, and 100 of the carts were converted by May 1, 1998.
EVALUATION APPROACH
In June 1998, three baccalaureate nursing students from Kennesaw State University School of Nursing (Kennesaw, Georgia) performed their senior community health rotation at the hotel and were assigned the task of evaluating the effectiveness of the wheel conversion. The evaluation was divided into two parts: subjective and objective. In the subjective portion, housekeepers were asked three questions about the new carts:
• "Is the cart with the new wheels easier to push or pull?" • "Have you had any muscle aches and pains using the new wheels?" • "Why do you think management spent money on the new wheels?" The first two questions were quantified with answers
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Occupational and environmental health nurses can identify the causes of injuries and use analytical skills to show how the prevention of a problem can save the companymoney anddemonstrate a caring attltude from management.
Nurses can expand theirtraditional roles to position themselves as both advocates for the employees and profit enhancers to management as demonstrated by this program evaluation project. Initial outcomes Included improved employee morale and reduced soft tissue injuries in hotel housekeeping employees.
Changes in the workplace made by a proactive occupational and environmental health nurse and a committed management can reap rewards beneficial for both the employer and the work force.
scaled from 1 to 5 and 1 to 3, respectively. The third question was purely qualitative, and the answers were tabulated.
In the objective part of the evaluation. pull weights were measured with the new wheels and compared to pull weights from carts with the old wheels. In both cases. the same spring scale was used. After the students were trained about technique by the same engineer who performed the initial pull weights. the scale was attached to the stationary wheel end of the cart and three trials were taken. The average of the trials was the reported number. The same student pulled the spring scale. while the other two students noted the scale results and confirmed the carts were pulled in a straight line over a 6 foot course. The students tested 30 carts with new wheels and 13 carts with old wheels.
RESULTS OFWHEEL CHANGES
The data in Table 1 were compared using a two tailed t test in which the null hypothesis was: There is no difference between the two groups of old wheels and new wheels based on pull weights. The differences between the two sets of wheels (Table 1 ) had a level of signifi-cance p < .0005. The null hypothesis was rejected, and it was concluded the new wheels reduced the force required to push or pull the housekeeping carts.
In the subjective phase of the study, the average of the scaled responses to the first question (i.e.• "Is the cart with the new wheels easier to push or pull?") was 3.7 on a scale of 1 to 5 where 1 was "not at all" and 5 was "really great." The average of the scaled responses to the second question (i.e., "Have you had any muscle aches and pains with the new wheels?") was 1.1 where 1 was "not at all" and 3 was "lots of pain."
Twenty-six of the 30 housekeepers with the new carts answered the question: "Why do you think management spent money on the new wheels?" The results of those responses are tabulated in Table 2 .
OUTCOMES AND CONCLUSIONS
Upgrading the wheels to solid plastic with full ball bearings resulted in a statistically significant change in the pull weight of the housekeeping carts when carts with the new wheels were compared to carts with unchanged wheels.
The housekeepers believed the carts with the new wheels were easier to push than the carts with the old wheels. This subjective finding was in line with the objective findings the students obtained measuring the pull weights on the carts. The housekeepers also overwhelmingly believed the new wheels caused them far less aches and pains related to pushing the carts.
The housekeepers had a somewhat unrealistic concept of why the hotel executive committee undertook the project. While the maintenance of a healthy work force is a stated management goal and always is good business policy, the executive committee finally approved the wheel change because they believed the nurse's analysis that the capital outlay would pay for itself in reduced injury costs.
By February 1999,9 months after the conversion of the wheels, there had been no soft tissue accidents (and no workers' compensation costs) in housekeeping related to carts with the new wheels. In the 14 years the hotel has been open, there has been no comparable period. In that same month, the executive committee approved the capital funds to convert the remaining 50 carts to the new wheels.
The results of this program evaluation related to the impact of hotel cart wheel conversion have been disseminated throughout the hotel chain through the hotel nursing organization.
